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Anomaly from 1961-1990 climatology, 1 degree, weekly resolution

NOAA /NWS /NCEP /EMC Marine Modeling and Analysis Branch Oper H.R.
RTG_SST_HR Anomaly (0.083 deg X 0.083 deq) for 26 QOct 2018

........................

Global Ocean Temperature Anomalies, Septembr
www.ncdc.noaa.gov

205
408

TR B bbb, o

(4,) Arpwouy

80S 1

0 40E BOE 120E

=8 =4 =225 -1.75=15 =1.2B" =1

22:50:45 FRI DCT 26 2018

http://polar.ncep.noaa.gov/sst/rtg high res



http://polar.ncep.noaa.gov/sst/rtg_high_res

:M/\
namre :

COMMUNICATIONS

ARTICLE
OPEN

Longer and more frequent marine heatwaves over
the past century

Eric C.J. Oliver® 23, Markus G. Donat® 45, Michael T. BurrowsS, Pippa J. Moore?, Dan A. Smale® 89,
Lisa V. Alexander®5, Jessica A. Benthuysen‘o, Ming Feng® T, Alex Sen Gupta® %3, Alistair J. Hobday'z,
Neil J. Holbrook® 23, Sarah E. Perkins-Kirkpatrick®5, Hillary A. Scannell'®'5, Sandra C. Straub® ® &
Thomas Wernberg® ?

Progress in Oceanography 141 (2016) 227-238
Contents lists available at ScienceDirect

Progress in Oceanography

ELSEVIER journal homepage: www.elsevier.com/locate/pocean

A hierarchical approach to defining marine heatwaves

CrossMark

Alistair . Hobday **, Lisa V. Alexander "<, Sarah E. Perkins ", Dan A. Smale *, Sandra C. Straub,
Eric CJ. Oliver ™, Jessica A. Benthuysen ®, Michael T. Burrows ", Markus G. Donat "¢, Ming Feng ',
Neil J. Holbrook ™, Pippa J. Moore’, Hillary A. Scannell */, Alex Sen Gupta "<, Thomas Wernberg

* CSIRO Oceans and Atmosphere, Hobart, Tasmania 7000, Australia

*ARC Centre of Excellence for Climate System Science, The University of New South Wales, Sydney., Australia

“ Climate Change Research Centre, The University of New South Wales, Sydney, Australia

“Marine Biological Association of the United Kingdom, The Laboratory, Citadel Hill. Plymouth PLI 2PB, UK

“UWA Oceans institute and School of Plant Biology, The University of Western Australio, Crawley, 6009 Western Australio, Australia
! Institute for Marine and Antarctic Studies, University of Tasmania, Hobart, Australia

* Austratian Institute of Marine Science, Townsville, Queenstand, Australia

* Department of Ecology, Scottish Association for Marine Science, Scottish Marine Institute, Oban, Argyll PA37 1QA. Scotland, UK
' CSIRO Oceans and Atmosphere, Perth, Western Australia, Australia

) Institute of Blological, Environmental and Rural Sciences, Aberystwyth University, Aberystwyth SY23 3DA, UK

*School of University of Seattle, WA, USA

\ ific Marine y. Seattle. WA, USA

b Globally averaged MHW frequency

d Gilobally averaged MHW duration

05,0 { — HadISST —— SODA

—— ERSST = NOAA OI SST
22.5 1 — COBE —— Dataset mean
00,0 ] — CERA20C
17.5 4
15.0
12.5
10.0 {f

1900 1920 1940 1960 1980 2000 2020




Inaction is maladaption
- Manuel Barange




What is an integrated approach?




Integrated Approach

a) Additive linear risk analysis

humans as pressure nature as pressure

¢ b) Integrated risk analysis
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“Impacts can have beneficial or

adverse outcomes”
-IPCC 2018 (SR15)

Holsman et. al 2017. An ecosystem-based approach to marine risk assessment.
Ecosystem Health and Sustainability 3(1):e01256. 10.1002/ehs2.1256
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Quantitative —

Evaluate recovery actions and
management reference points;
estimate cumulative effects

Quantitative Scenario Analyses
with trajectories & error distributions

i

Vulnerability Assessments
with data & expert opinion

)

Indicator Evaluation
based on expert opinion

Spatial planning;
research scoping;
identify interventions

Rapid screening,
gap analysis,
management context

A Level 3
Level 2

Y Level 1
Qualitative

Class 1

Ecosystem Risk
Assessment

single pressure,
single subject

single pressure, multiple pressures,
multiple subjects multiple subjects

direct interactions

direct + indirect interactions

Holsman et. al 2017. An ecosystem-based approach to marine risk assessment.
Ecosystem Health and Sustainability 3(1):e01256. 10.1002/ehs2.1256
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Income diversification and risk for fishermen
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Catches and prices from many fisheries exhibit high interannual
variability, leading to variability in the income derived by fishery

participants. The economic risk posed by this may be mitigated in
some cases if individuals participate in several different fisheries,

to them beyond adopting less-risky farming strategies. They of-
ten have access to subsidized crop insurance, price supports, and
futures markets (19-22), none of which are available to fisher-
men. Extending crop insurance-like programs to commercial
fisheries harvesters has been suggested (23-26), but a feasibilit
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A BERING SEA EXAMPLE

The Alaska Climate-change
Integrated Modeling Project
(ACLIM)
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Improve management foresight in a changing climate

Protect adaptive capacity in fish and fisheries




Project changes in Bering Sea ocean
conditions and fish populations

Physical, biological, & socioeconomic change;
now - 2100

Evaluate how management can adapt to minimize
negative impacts of future changes

gradual change & sudden shocks;
test existing & new tools; estimate risk
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Bering Sea “Cold Pool”
2001-2017

Northern Hemisphere Seasonal Cycle
NASA Blue Marble (2004) base imagery w m NCEP CFSR (1979-2000)

Jan 15, 2004

The Climate Reanalyzer™ | cci-reanalyzer.org

Graphic: J. Overland, P. Stabeno, M. Wang, C. Ladd,
N. Bond, and S. Salo, PMEL/NOAA



Bering Sea “Cold Pool”
2001-2017
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Bering Sea “Cold Pool”
2001-2017
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Climate-enhanced multispecies model (CEATTLE )

Pollock Spawning biomass

— Project with no fishing

Project under mean

5—
,/ historical catch

_ Project under max
O— *" historical catch

| | |
1980 2000 a2
Temp%Wage
Single spp

lanelli, J KK Holsman, AE Punt, K Aydin (2016). Multi-model inference for incorporating trophic and climate

uncertainty into stock assessment estimates of fishery biological reference points. Deep Sea Res II. 134: 379-389
DOI: 10.1016/5.dsr2.2015.04.002



Carbon Emission Scenarios

Emissions (GtC)
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“plausible descriptions of how the future
may evolve with respect to a range of
variables...they are not meant to be policy
prescriptive, (i.e. no likelihood or
preference is attached to any of the
individual scenarios of the set)”

van Vuuren et al. 2011
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Preliminary Results
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Summer Bottom Temperature (°C)
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Summer Bottom Temperature (°C)
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Summer Bottom Temperature (°C)
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What are the impacts?




Climate-Enhanced Assessment Models
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GCM CESM RCP 8.5
(20 yr smooth)
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Downscaling is needed

Account for trophic
interactions

Mitigation is lower risk

Adaptation through
fisheries management

GCMs may underestimate variance in projections

Accounting for predation changed the direction of

projections from increases (single-sp model) to
declines (multi-sp)

Most pollock and cod scenarios crashed under
business as usual (RCP8.5) by 2100; carbon
mitigation (RCP 4.5) may lessen or prevent declines

Changing harvest rates through management can
help lessen climate impacts, to a point. Considering

regional management policies is important.
Holsman et al. in prep




Eastern
Bering
Sea

N Pacific
& Islands

SICCME/S-CCME
Regional Modeling Nodes

Beaufort & Norwegian | g, 4jc
Chukchi Gulf of St. Seal  [geq
Seas Lawrence Baranite

Sea+

Sea of

' Okhotsk
Yellow &

| E.China

US Coast
California

Current

BC Central
Coast

|CES-PICES Strategic Initiative on
Climate Change Effects on Marine Ecosystems



Funding:

Th an kS ! Fisheries & the Environment (FATE)

Stock Assessment Analytical Methods (SAAM)
NPRB & BSIERP Team Climate Regimes & Ecosystem Productivity (CREP)
ACLIM Team Economics and Human Dimensions Program
S NOAA Integrated Ecosystem Assessment Program (IEA)
PlCES NOAA Research Transition Acceleration Program (RTAP)

<A N

~

., \ O

" \ ‘;\\)’r,. '
B S e ANE R o gt
. e ] oo e ST -
e
i

: gy’ -
o e e

"\...L-;\ L .‘l,v:‘

2 TR




